coupling that mediates a crossover from 2D to 3D character. A dimensional crossover can in principle be uncovered by tracking the spatial anisotropy of short-range spin correlations using magnetic neutron and x-ray scattering techniques. However the requirement of nearly ideal bulk crystals and the difficulty of detecting and integrating diffuse magnetic scattering is restrictive and currently renders these techniques inoperable on exfoliated nanoscale thick sheets. Hence this mechanism is yet to be verified in CrSiTe3 or related compounds 1 .
An alternative route to measuring short-range spin correlations is through their effects on the crystal lattice. The magnetic energy of an insulating system is given by the thermal expectation value of its magnetic Hamiltonian ℋ = ∑ ⃗ • ⃗ 〈 , 〉
, which contains the short-range spin correlator 〈 ⃗ • ⃗ 〉 as well as the exchange interaction between spins at sites i and j. Upon onset of magnetic SRO, it may be energetically favorable for the system to re-adjust the distances and bonding angles between atoms that mediate in order to lower its magnetic energy, at the expense of some gain in elastic energy. Measuring such magnetoelastic distortions therefore yields information about spin correlations along various directions and, for simple low dimensional Hamiltonians, can even provide quantitative values of the 〈 ⃗ • ⃗ 〉 function 10 , which is difficult to obtain by neutron scattering because only a limited range of its spatio-temporal Fourier components are accessed. However, SRO induced distortions are extremely hard to resolve because they are minute by virtue of 〈 ⃗ • ⃗ 〉 being small, and because they generally do not break any lattice symmetries. A suitable probe must therefore be sensitive to and able to distinguish between different totally symmetric distortions (i.e. different basis functions of the totally symmetric irreducible representation).
This suggests that examining the nonlinear high rank tensor responses of a crystal may be a promising approach.
Optical second harmonic generation (SHG), a frequency doubling of light produced by its nonlinear interactions with a material, is governed by high rank (> 2) susceptibility tensors that are sensitive to many degrees of freedom in a crystal. Traditionally SHG has been exploited as a symmetry sensitive probe because the leading order electric dipole susceptibility necessarily vanishes if the system possesses a center of inversion. This makes SHG particularly powerful for studying surfaces of centrosymmetric crystals 11 , and for identifying bulk symmetry breaking phase transitions through the appearance of additional, high symmetry forbidden, tensor elements [12] [13] [14] [15] . In principle, SHG can also be utilized to study symmetry preserving distortions 16 by examining their subtle effects on the existing symmetry allowed tensor elements. However this potential capability is highly underexplored, in part due to the technical demand of simultaneously tracking small changes across an entire set of allowed tensor elements.
Recently we managed to surmount this challenge by developing a rotating scattering plane based SHG polarimetry technique 17 . In these experiments, linear (either P or S) polarized light of frequency  is focused obliquely onto the surface of a bulk single crystal. The intensity of either the P or S component of reflected light at frequency 2 is then measured as a function of the angle () that the scattering plane is rotated about the c-axis (Fig. 2a) , which allows a multitude of SHG susceptibility tensor elements to be sampled. By collecting these rotational anisotropy (RA) patterns with different polarization combinations, a complete set of SHG susceptibility tensor elements can typically be uniquely determined.
Here we apply this technique to track the magnitudes of all of the symmetry allowed SHG susceptibility tensor elements of CrSiTe3 as a function of temperature. Evidence of previously undetected structural distortions are observed above Tc at T2D ~ 110 K and T3D ~ 60 K. Using a hyper-polarizable bond model, we are able to attribute the distortions at T2D and T3D to displacements along different totally symmetric normal mode coordinates, which are consistent with an onset of intralayer and interlayer spin correlations respectively.
The full temperature evolution of the RA patterns acquired from the (001) surface of CrSiTe3 under select polarization geometries is displayed in Figure 2b . We first note that a finite weak SHG intensity is present at all temperatures despite previous work showing that CrSiTe3 always retains a centrosymmetric structure with 3 ̅ point group symmetry 18 . This suggests that the SHG originates from a higher multipole process such as electric quadrupole (EQ) radiation, which is governed by a fourth rank susceptibility tensor that has only 8 independent non-zero elements ( , there is a dramatic increase of intensity below Tc that, as we will show later on, arises from LRO induced magneto-elastic distortions that have previously been detected by optical absorption 20 , Raman scattering 20 and x-ray diffraction 18 , and are also captured by our dilatometry measurements (Fig. 1a) . Surprisingly however, we find that the RA patterns continue to subtly evolve even far above Tc. In SP polarization geometry for example ( (Fig. 3c) , with a critical exponent twice that reported 7 for the magnetization (2  0.3). Since magneto-elastic distortions scale like the square of the magnetic order parameter, this further confirms that is probing the lattice degrees of freedom. This also shows that is a time-reversal invariant i-tensor 19 , which naturally explains why our measurements are insensitive to magnetic domains 21 .
To understand the microscopic origin of the features in Δ ( ), we appeal to a simplified hyper-polarizable bond model 22 , which treats the crystal as an array of charged anharmonic oscillators centered at the chemical bonds and constrained to only move along the bond directions. The nonlinear polarizability of each oscillator is calculated by solving classical equations of motion, and then appropriately summed together to form the total nonlinear susceptibility. Recently an expression for the EQ SHG susceptibility was derived using this model 23 and was found to take the form ∝ ∑ 2 (̂⨂̂⨂̂⨂̂) , where and 2 are the first-order (linear) and second-order (hyper) polarizabilities, ̂ is a unit vector that points along the n th bond, and all bond charges are assumed equal. Using this expression, we investigated how distortions along each of the 4 totally symmetric normal mode coordinates allowed in the 3 ̅ point group (i.e. the four basis functions g 1 , g 2 , g 3 and g 4 of its totally symmetric irreducible representations) change the individual elements.
For simplicity, we considered only the nearest neighbor intralayer Cr-Te bonds and the nearest neighbor interlayer Cr-Cr bonds, which is reasonable because the states accessed by our photon energy (2ħ = 3 eV) are predominantly composed of Cr and Te orbitals 24, 25 .
Remarkably, our hyper-polarizable bond model shows that under a small distortion along the g 1 normal coordinate , which we implement by changing the ̂ while keeping the 2 values constant, only the xxxz and yyyz elements are affected (Fig. 4a) , in perfect agreement with our observations below T2D (Fig. 3a) . Since motion along gand can bring the Cr-Te-Cr bond angle closer to 90 to strengthen Jab, it is natural to associate this distortion with the development of FM in-plane spin correlations. This is further supported by neutron scattering experiments 7 , which show a rise in magnetic diffuse scattering around T2D (inset Fig. 3a) indicative of a growing in-plane correlation length .
To uncover a mechanism that would exclusively affect the zzzz element below T3D (Fig. 3b) , we note that the distortion along the g 2 normal coordinate involves a pure out-ofplane displacement of the Cr atoms. Although this motion does not change the ̂ of the interlayer Cr-Cr bonds since they remain parallel to the z-axis, it will change their polarizabilities by virtue of their altered bond length. Assuming that it is these Cr-Cr bonds that primarily contribute to the observed changes at T3D (see Supplementary Note 6), our model indeed shows that tuning either or 2 of the Cr-Cr bond will exclusively affect the zzzz element (Fig. 4b) . This naturally suggests an association of the g 2 distortion with the development and enhancement of FM interlayer spin correlations, and hence an identification of T3D as the 2D to 3D dimensional crossover temperature. Independent evidence for a structural distortion at T3D was also found via anomalies in the Eg and Eu phonons using impulsive stimulated Raman scattering (see Supplementary Note 7) and infrared absorption measurements 20 respectively (inset Fig. 3b ), which likely arise from their nonlinear coupling to the g 2 distortion.
As a further consistency check, we note that one expects interlayer correlations to onset when grows to a size where the total interlayer exchange energy becomes comparable to the temperature. In a mean field approximation, this condition is expressed as below Tc where we observe all elements to change (Fig. 3 ), but details of LRO induced distortions are outside the scope of this work.
Our EQ SHG data and analysis taken together provide a comprehensive picture of how the quasi-2D Heisenberg ferromagnet CrSiTe3 evades the Mermin-Wagner theorem via a multiple stage process to establish long-range spin order (Fig. 4e) , and shows that interlayer interactions are vital to stabilizing LRO at such high temperatures. More generally, our results demonstrate that the nonlinear optical response is a highly effective probe of shortrange spin physics and their associated totally symmetric magneto-elastic distortions, which are typically unresolvable by capacitance dilatometry 10 ( Fig. 1a) or lower rank optical processes like linear reflectivity and Raman scattering due to their limited degrees of freedom (see Supplementary Note 9), and are challenging to detect by diffraction based techniques limited to pico-meter resolution 18 . This technique will be particularly useful for studying anisotropic or geometrically frustrated magnetic systems, which tend to display interesting short-range spin correlations. It will also be useful for uncovering magnetic ordering mechanisms in monolayer or few layer ferromagnetic and antiferromagnetic nanoscale flakes and devices [26] [27] [28] [29] , which are often unclear because of their inaccessibility by neutron diffraction. We anticipate that access to this type of information may offer new strategies to control magnetism based on manipulating SRO induced distortions through chemical synthesis, static perturbations or even out-of-equilibrium excitations 30 .
Methods

Sample growth and characterization
The CrSiTe3 crystals used in this study were grown using a Te self-flux technique [20] . High 
Supplementary Note 1. Mathematical expressions for EQ induced RA-SHG patterns
Expressions for the bulk EQ derived RA-SHG intensity I from a crystal with 3 ̅ point group symmetry for the four experimental polarization configurations are given below, where  = 10 is the experimental angle of incidence. The RA-SHG data were simultaneously fit to all four expressions to extract the values of the susceptibility tensor elements. 
